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number of harmful substances due to the longtime thermal processing of braised chicken. Advanced glycation end products (AGEs) are one of the series of harmful substances for human health, which are largely formed at the advanced stage of the Maillard reaction (Poulsen et al., 2013; Sebeková & Somoza, 2007) . N ε -carboxymethyllysine (CML) and N ε -carboxyethyllysine (CEL) are the two main components of AGEs, because they have been studied most clearly, and they are found in high levels in meat products (Glj, Woodside, Ames, & Cuskelly, 2012; Sun et al., 2015; Uribarri et al., 2010) . According to the AGEs forms in food, CML and CEL can be divided into two categories: One is the free form existing on the surface of meat and with separation of the precursor substance; another is the protein-binding form, which is covalently bonded with proteins and peptides (Niu et al., 2018; Sun et al., 2016) . The digestion and absorption effects of food-derived free and protein-binding AGEs are different. Therefore, it is necessary to separate them and study the content distribution and formation in detail (Ahmed et al., 2010; Naila & Thornalley, 2012) .
However, few publications reported the content and distribution of free and protein-binding forms of CML or CEL in Chinese traditional processed meat products, especially on braised chicken.
There are many factors influencing the formation of CML and CEL; two common factors are thermal processing conditions and the levels of precursor substances such as protein, fat, and water . Processing temperature has a significant effect on the formation of AGEs. Chen & Smith compared beef, pork, chicken, and fish CML generation under frying (204℃), broiling (232℃), and baking (177℃) conditions (Chen & Smith, 2015) . The results showed that higher temperatures produce higher CML. In addition, CML and CEL can be generated in large quantities not only through the Maillard reaction, but also through the oxidation pathway such as lipid oxidation (Poulsen et al., 2013) . High processing temperature not only promotes the oxidation of fat in meat products but also generates a large number of reactive oxygen radicals, which will further promote the Maillard reaction to produce active α-dicarbonyl compounds, such as methylglyoxal (MGO) and glyoxal (GO) (Degen, Hellwig, & Henle, 2012; Jiang, Hengel, Pan, Seiber, & Shibamoto, 2013; Sheng, Larsen, Le, & Zhao, 2018) . However, most published works have only studied the AGEs of protein-binding in meat or the mixture of free and protein-binding forms; few studies divided the AGEs of free and protein-binding forms separately. (Gong, Guangwei, Lu, & Mitchell, 2011) . Meanwhile, very few publications reported the levels and distribution of free and protein-binding forms of AGEs in processed Chinese traditional meat products. Thus, the formation mechanism and content distribution of free and protein-binding forms of CML and CEL in heat-treated meat are still dim, especially on braised chicken. So, the purpose of this study is to determine the content of free and protein-binding forms of AGEs, mainly including CML and CEL in braised chicken breast (X), leg (T), skin (P), and the whole body (M). Furthermore, the correlation of protein and fat oxidation on different forms of AGEs in braised chickens were also studied. These findings provided references for people to select low content of AGEs in braised chicken products. 
| MATERIAL S AND ME THODS

| Materials and reagents
| Composition analyses
The four parts including X, T, P, and M of the five brands of braised chicken were cut into 1 cm 3 piece of meat. Then, they were put into the (Leffler et al., 2008) .
| Sample preparation for analysis of free CML and CEL
1-g meat (with an error of 0.001 g) was accurately weighed and put into 50-ml centrifuge tube. The free CML and CEL were determined by Sun and Niu's method with some modifications (Niu et al., 2018; Sun et al., 2015) . Precooled 5% TCA was added into the centrifugal tube and mixed with glass rods. A homogenate continuously at 2000g for 2 times was taken under the condition of ice bath; each homogenate time lasted 30 s. Then, the sample was centrifuged at 1000g for 10 min and the supernatant was added with 15-ml n-hexane; it was vibrated several times to be mixed before centrifugation at 5,000 rpm for 15 min. The upper fat was discarded, and the lower layer was collected into a 10-ml polyethylene (PE) pipe. Finally, the sample was purified by MCX column.
| Sample preparation for analysis of proteinbinding CML and CEL
0.2-g meat (with an error of 0.001 g) was accurately weighed and put into a 50-ml centrifuge tube. The protein-binding CML and CEL were determined by Sun's method with some modifications . Samples were put under the condition of 4℃
by adding sodium borate buffer solution and sodium borohydride solution to reduction for a night. Then, 20% TCA and n-hexane were added into the tube and blended before 10,000 g, 30 min centrifugation, and then, the supernatant was discarded and repeated 3 times. The sample was transferred to a pressure bottle with 50℃ nitrogen blow to dry. 6 M hydrochloric acid was added into a pressure bottle for sample acid hydrolysis about 24 hr, then the sample was placed in the oven to 110℃ using nitrogen sealed.
Finally, the hydrolysate was filtered, and dried at 50℃ using nitrogen, then the dried sample was redissolution with water and purified by MCX column.
| Chicken ELISA analysis
Chicken ELISA kit was used to determine the free and protein-binding states of CML and CEL samples after purified by MCX column.
The measurement method was slightly modified according to the kit instructions. Samples with high concentration were diluted to fall within the linear range of the standard curve (10-320 ng/ml CML, R 2 = .9994; 0.25-8 ng/ml CEL, R 2 = .9998). In addition to the blank hole, standard and sample holes were set up. Each hole was added with 100-μl horseradish peroxidase (HRP)-labeled detection antibody, under 37℃ dark reaction for 60 min. At the end of the reaction, the liquid was discarded and 350-μl washing solution was added into each hole. It was kept for 1 min, and the liquid was forcefully discarded. Finally, the above steps were repeated 5 times. Then, 50-μl A and B reaction liquid substrates were added into each hole keeping 37℃ in dark conditions for 15 min. In the end, 50-μl terminated liquid was added immediately and the absorbance was determined by microplate reader at 450 nm of each hole.
| TBARs measurement
TBARs value was measured according to the method of Uchiyama and Yu et al., with slight modifications (Uchiyama & Mihara, 1978; Yu, He, Zeng, Zheng, & Chen, 2016) . 4 g of meat samples from X, T, P, and M parts was accurately weighed and taken into a 50-ml centrifuge tube, respectively. 20 ml of 7.5% TCA contained EDTA-Na 2 was added to the tube. 10,000 rpm homogenate was taken for mixing each other under ice bath condition. The protein concentration of protein extract was determined by BCA kit.
MDA standard curves of different concentrations were prepared using 1,1,3,3-Tetrathoxypropane, TBA (0.02 mol), and TCA (7.5%) contained EDTA-Na 2 . 2 ml of protein extraction and 2 ml of TBA were added into a 10-ml PE tube with reaction for 30 min under 95℃ water bath. After water cooled to room temperature, samples were measured by using microplate reader. The results were expressed as mg MDA/kg meat.
| Carbonyl content
Applied method was described by G. Liu, Xiong, & Butterfield with slight modification (Liu, Xiong, & Butterfield, 2010) . Meat samples from different parts of X, T, P, and M were dissolved in PBS (0.01 mol, pH7.4), and the protein concentration was determined by BCA kit. 1-ml of protein solution was sucked up into a 10-ml PE tube, and 10 mmol/L DNPH solution (hydrochloric acid concentration is 2 mol/L) was added. After 1-hr reaction at room temperature away from light, 2 ml of 20% TCA was added and centrifuged for 5 min (10,000 g). Supernatant was discarded, and 5 ml of ethyl acetate/ ethanol (v:v = 1:1) was also precipitated to wash three times; then, the sample was dissolved by the 6 mol/L guanidine hydrochloride and put at room temperature for 30 min as well as centrifuged for 10 min (10,000 g). The supernatant was taken, the absorbance at 370 nm was determined by microplate reader, and carbonyl was expressed as nmol/mg protein.
| Active sulfhydryl
Xue's method to determine the active sulfhydryl group was slightly modified (Xue et al., 2017) . Meat samples from different parts of X, T, P, and M were dissolved in PBS (0.01 mol, pH7.4), and the protein concentration was determined by BCA kit. 0.4-ml protein sample was added to 4.6-ml PBS and 20-μl DTNB, which was shaken evenly, and incubated at room temperature for 1 hr, and the absorbance was determined at 412 nm with microplate reader. Active sulfhydryl content was expressed as μmol/mg protein.
| Statistical analysis
All experiments were determined with three repetitions (n = 3) and expressed as mean ± SD. SAS analysis software (SAS software research institute, USA, version 8.1) was used for statistical analysis of data, one-way ANOVA method was used for analysis of variance, 
| RE SULTS AND D ISCUSS I ON
| Samples composition and oxidation
Detailed results of protein content, fat content, water content, carbonyl group, active sulfhydryl, and TBARs in five braised chickens X, T, P, and M are shown in Table 1 . The average protein content of X, T, P, and M of the five braised chicken was 14.27%-28.68%, among which T had the highest protein content and P had the lowest. The average content of fat was between 6.85% and 43.47%, among which P was significantly different from X, T, and M (p < .05), and fat content of P was the highest. The fat content of T was higher than that of X, but there was no significant difference (p > .05). The average moisture content of X was the highest but not significantly different from P and M, while T was significantly different from X, P, and M (p < .05). The oxidative indexes of carbonyl, active sulfhydryl, and TBARs were not significantly different in X, T, P, and M. In addition, the TBARs value of P was the highest, and T was more than X.
According to the results, X and T in braised chicken mainly consisted of protein and P was mainly fat, and the fat oxidation degree of T was greater than that of X, which meant that protein oxidation and fat oxidation mainly occurred in different chicken parts due to the thermal processing. This result was consistent with Rashmi's report (Rashmi, Deepthi, & Modi, 2013) .
| Free and protein-binding CML and CEL in braised chicken
The distribution of free CML and CEL in different parts of braised chicken is shown in Figure 1 . For the levels of free CML, X was the highest and the average value was 1,556.517 ± 142.542 ng/g meat; P was the lowest, with an average of 1,429.331 ± 41.392 ng/g meat. For the levels of free CEL, T was the highest, with an average of 38.284 ± 1.955 ng/g meat, and X was the lowest, with an average of 34.027 ± 5.885 ng/g meat. For the levels of free AGEs (CML + CEL), T had the highest value, and the mean value was 1,590.546 ± 142.334 ng/g meat. P had the lowest, with an average value of 1,466.309 ± 40.344 ng/g meat.
F I G U R E 2
Radar map of breast (X), leg (T), skin (P), and the whole body (M) (four parts) with different existence forms of protein-binding CML, CEL, and AGEs (CML + CEL), n = 3, ng/g meat.
(a) Protein-binding CEL; (b) Protein-binding CML; (c) Protein-binding AGEs
The distribution of protein-binding CML and CEL in different parts of braised chicken is shown in Figure 2 . X had the highest protein-binding CML, with an average value of 14,310.240 ± 1,156.602 ng/g meat. P was the lowest, with an average value of 12,832.700 ± 741.523 ng/g meat, and P was a significant difference between X and T (p < .05). For levels of CEL, X was the lowest, with an average of 308.767 ± 24.443 ng/g meat, and there was a significant difference on X, T, and P (p < .05), but there was no significant difference between T and P. Moreover, P was the highest,
with an average value of 335.644 ± 14.455 ng/g meat. Furthermore, P showed the lowest content of protein-binding AGEs (CML + CEL), and the mean value was 13,182.350 ± 750.067 ng/g meat, which
was significantly different from X, T, and M (p < .05). X was the highest, with an average value of 14,617.230 ± 1,164.637 ng/g meat, but
there was no significant difference between X, T, and M (p > .05).
The distribution of total CML, CEL, and AGEs in different parts of braised chicken is shown in Figure 3 . The total CML content in X was the highest, with an average value of 15,866.780 ± 1,067.230. P was the lowest, with an average value of 14,262.030 ± 734.3910 ng/g meat, and there was no difference between P and T. Compared with the mean values of total CEL, the content of X was the lowest, with an average value of 342.794 ± 12.56 ng/g meat. The content of P was the highest, with an average of 386.642 ± 18.297 ng/g meat. There was no significant difference between T, P, and M, but there was a significant difference between X and T, P, and M (p < .05). Compared with the means of total AGEs, for total AGEs content, P was the lowest, with an average of 14,648.670 ± 742.006 ng/g meat, and X was the highest, with an average of 16,209.570 ± 1,071.877 ng/g meat.
Among X, T, and M, there was no significant difference, but P was significantly different from X, T, and M (p < .05). All the detailed results are shown in Table 2 .
Based on the analysis of the distribution of CML and CEL in X, T, P, and M, it could be concluded that the CML in free and protein-binding forms was mainly distributed on X, and the CEL in free and protein-binding forms was mainly distributed on P, and the content of protein-binding state AGEs was much higher than that of free form in X, T, P, and M. This was also consistent with the results of the correlation in Figure 4 .
| Correlation
Correlation of protein, fat, moisture, carbonyl, active sulfhydryl, TBARs, free and protein-binding forms of CML and CEL in four parts is shown in Figure 4 . There was a significant positive correlation on fat content, protein-binding CML, total CML, protein-binding AGEs, and total AGEs (p < .05). However, there was a significant negative correlation on fat content, protein-binding CML, total CML, F I G U R E 3 Radar map of breast (X), leg (T), skin (P), and the whole body (M) (four parts) with different existence forms of total CML, CEL, and AGEs (CML + CEL), n = 3, ng/g meat. Furthermore, according to the correlation analysis of Figure 4 , protein and moisture mainly affected the formation of CML, especially protein-binding CML, because meat protein contained a large amount of lysine, and that was the precursor of CML (Niu et al., 2018) . In general, the moisture content was lower in sample, the Maillard reaction would be occurred stronger, and the more AGEs content would be formed, so there should be a negative correlation between the two (Lund & Ray, 2007) CEL was generated by CML; protein oxidation decreased the precursor substances formed by CML. For example, the unique flavor of processed meat products would be formed during the protein oxidation (Zhu, Lee, Mendonca, & Ahn, 2004) . Another was that protein oxidation would lead to protein degradation, and moderate oxidation promotes CML to form some active sites, which led to the increase in levels of CEL. However, excessive oxidation destroyed the spatial structure of the protein, and the active site may be blocked by other groups; CEL has resulted in decrease (Shengmin et al., 2007) .
The results of fat and protein oxidation were similar. Figure 4 shows that fat oxidation could significantly promote the protein-binding form CEL and total CEL. This phenomenon exhibited that the fat oxidation may could produce a large amount of active oxygen free radicals. On the one hand, these free radicals were involved in the Maillard reaction that accelerated the formation of AGEs (Yu et al., 2016) , and on the other hand, it could activate some sites such as protein and peptide ε-NH 2 , which produced a large number of dicarbonyl compounds, such as GO and MGO accelerating CML to form CEL (Ahmed, Thorpe, & Baynes, 1986; Shibamoto, 2006) . The processing of braised chicken involved complicated frying, braising, and secondary sterilization.
These techniques are the essence of traditional Chinese meat processing. However, specific to the formation rules of free and protein-binding forms of AGEs of braised chicken in each process, the degree of oxidation in this process was not clear whether to promote or inhibit AGEs in braised chicken.
F I G U R E 4
Correlation of protein, fat, moisture, carbonyl, active sulfhydryl, TBARs, free and protein-binding forms of CML and CEL in breast (X), leg (T), skin (P), and the whole body (M) (four parts). * indicates that there is a significant difference, p < .05; ** indicates that there is a very significant difference, p < .01
| CON CLUS ION
In conclusion, the content and distribution of free and protein-binding AGEs were different in different parts of braised chicken. Both CML and CEL existed in a large number of protein-binding states.
The protein-rich parts such as X and T were dominated by CML, while the fat-rich parts such as P were dominated by CEL. Protein oxidation promoted the formation of protein-binding CML at different sites, while fat oxidation promoted the formation of CEL at different sites. However, the processing technology of braised chicken was so complicated that the formation and oxidation rules of AGEs need to be further studied. In a word, this paper provided some important data to show the CML and CEL contents in different parts 
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